Aims-A routine immunohistochemical (IHC) assay is now commonly used for determining the oestrogen receptor (ER) and progesterone receptor (PR) status of women with breast cancer. To date, no large studies have been conducted that report the expected frequency of receptor positivity in relation to patient age and sensitivity of the IHC assay. Data on 7016 breast carcinomas from 71 laboratories were analysed to determine the frequency of receptor positivity and investigate possible causes of the observed variation in detection rates. Methods-Members of UK NEQAS-ICC (UK National External Quality Assessment Scheme for Immunocytochemistry) provided data on the receptor status of cases routinely assayed in their departments over a period of two to 26 months between June 1996 and September 1998. Data on 7016 breast carcinomas were stratified according to patient age and receptor status. Frequency of receptor positivity was correlated with IHC assay sensitivity, the threshold value used to determine receptor positivity, and the presence or absence of mammographic screening in the hospitals or clinics served by the laboratories. Results-The highest proportion of receptor positive cases occurred in patients in the age ranges > 65 years for ER and 41-50 years for PR. There was a significant positive correlation between frequency of receptor positivity and the sensitivity of the IHC assay, for both ER (r s = 0.346; p = 0.019; two tailed) and PR (r s = 0.561; p = 0.003; two tailed). The mean frequency of receptor positivity for laboratories using the same 10% threshold value was 77% for ER (95% confidence interval (CI), 74% to 80%) in laboratories with high sensitivity and 72% (95% CI, 68% to 76%) for those with low assay sensitivity (p = 0.025). For PR, the mean frequency of receptor positivity for laboratories using the same 10% threshold value and having high assay sensitivity was 63% (95% CI, 57% to 69%), and 51% (95% CI, 38% to 65%) for laboratories with assays of low sensitivity (p = 0.022). The mean frequency of ER positivity for laboratories serving hospitals and clinics where mammographic screening does and does not take place was 73.4% and 75.7%, respectively (p = 0.302; two tailed). Conclusions-Of the parameters investigated, patient age and IHC assay sensitivity were found to be the main variables influencing the frequency of receptor positivity. We recommend the range of receptor values obtained by laboratories achieving high assay sensitivity as a useful guide against which all laboratories can gauge their own results. (J Clin Pathol 2000;53:688-696) 
The importance of determining the oestrogen receptor (ER) status of breast tumours is well established, with leading articles emphasising that the fundamental question when predicting the likely outcome that a woman might expect from tamoxifen treatment is whether or not her tumour is ER negative. 1 2 The clinical validation of progesterone receptor (PR) status as a useful predictor of response to hormone treatment is still evolving. 3 However, many laboratories now run assays for PR alongside ones for ER, because the two tests combined are thought to give enhanced predictive power. 3 Receptor status is now commonly established by an immunohistochemical (IHC) assay using monoclonal antibodies. [4] [5] [6] [7] These assays have the advantage of allowing only tumour cells to be assessed for receptor status. They can also be conducted relatively inexpensively on routinely processed tissue sections with no need for specialised equipment. 2 8 Consequently, the IHC assay has become the technique of choice for establishing receptor status in diagnostic pathology departments.
with diVerent degrees of ER and PR expression. 12 A diVerent approach to QA was adopted by a study group of the European Organisation for Research and Treatment of Cancer (EORTC), which investigated the distribution of ER and PR in a large number of cases from seven European laboratories, as determined by enzyme immunoassay (EIA) and the radioligand binding assay (RLA). 13 The authors worked on the assumption that if the natural history of breast cancer is the same in diVerent geographical areas, then similar frequencies of receptor positivity would be expected in diVerent laboratories. As well as determining the variation of ER and PR distributions between the diVerent laboratories, the study provided useful data on the expected frequency of receptor positivity in the populations assayed.
Although various studies have shown that there is a good correlation between the results obtained by RLA, EIA, and IHC assays to predict clinical outcome of patients with breast cancer, [14] [15] [16] [17] [18] other studies have suggested that the IHC assay is more sensitive. 3 19 Consequently, the frequency of receptor positivity in breast cancers may be higher with the IHC assay than with the RLA and EIA.
The aims of our study were first to investigate the frequency of ER and PR positivity in diVerent laboratories using the IHC assay, using a similar approach to that adopted by Romain et al in the EORTC study on cytosol based assays. 13 When the frequency of positivity and variation in detection rate between laboratories had been determined, this was compared with that obtained by authors using the RLA and EIA. Lastly, we investigated possible causes of the observed variation in detection rates between diVerent laboratories.
Methods
In July 1998, laboratories participating in UK NEQAS-ICC were posted an immunocytochemistry (ICC) research questionnaire. Participants of the scheme were invited to submit data on the last 100 cases received in their laboratory for the evaluation of hormone receptor status by IHC assay. The age of the patients was requested and whether or not the tumour was positive for ER and/or PR. No other identifying information was requested on the cases, which were coded (1-100) for each laboratory. Participants were informed that the information would be treated in the strictest of confidence and that the identity of the laboratories voluntarily providing the data would not be released to any third party. Other information requested included: method of evaluation and threshold value used to designate cases as receptor positive or negative; the time period over which the cases were assessed; whether the hospital or clinic served by the laboratory had a breast screening programme and if so the date on which screening was introduced. Participants were asked to return the completed questionnaire by 15 September 1998. The details of the IHC assays used by the laboratories participating in the survey were obtained from the technical data provided by the same laboratories when participating in the UK NEQAS-ICC during the time period stipulated (table 1) .
ANALYSIS OF DATA AND STATISTICAL METHODS
Data provided by laboratories were entered into an SPSS 7.0 statistical program. For the purposes of establishing the total frequency of ER and PR positivity, all cases were summed together and cross tabulated with patient age, irrespective of whether laboratories provided data on more or less than 100 cases. For the purposes of investigating interlaboratory variation, only data from participants who volunteered information on at least 100 cases were included. When data on more than this were provided, either the 100 cases indicated as being most representative or the data on the last 100 cases were used.
Stratification and correlation of ER positivity with PR positivity
Frequency of ER positivity was stratified with the frequency of PR positivity for the same cases and at diVerent age groups for laboratories providing data on both receptors. The correlation of frequency of ER positivity with frequency of PR positivity was tested using Pearson's correlation coeYcient (r), for laboratories providing data on both receptors and a minimum of 100 cases.
Determination of variation in receptor distribution between diVerent laboratories
The mean frequency of receptor positivity was established to calculate the coeYcient of variation.
Influence of IHC assay sensitivity on the frequency of receptor positivity
To investigate the influence of IHC assay sensitivity on the proportion of cases reported as receptor positive, the frequency of positivity frequency of receptor positivity and assay sensitivity (the median score from the three assessments). The 2 test was used to compare the proportion of laboratories responding to the survey with sensitive assays with the proportion of laboratories with sensitive assays not responding to the survey.
Determination of variation in receptor distribution
between laboratories with high and low assay sensitivity The coeYcient of variation, mean frequency of positivity, and mean age of patients were determined for laboratories whose median assessment score was > 13/20 and for those whose median assessment score was < 12/20. The Mann-Whitney U rank sum test and the t test for two independent samples were used to test for diVerences in the frequency of receptor positivity between the two groups.
Influence of threshold value on frequency of receptor positivity
The frequency of receptor positivity for each laboratory was correlated with the threshold values used by the same laboratories to define receptor positive cases. The mean frequency of receptor positivity was determined for all laboratories that used the 10% threshold value. 12 16-18 20-23 These were subdivided into the two groups described above whose median scores were > 13/20 and < 12/20, respectively, when participating in the UK NEQAS-ICC assessments.
Relation between mammographic screening programmes and the frequency of ER positivity
The frequency of receptor positivity was correlated with whether or not the hospital or clinic served by the laboratory participated in a mammographic screening programme.
Results

FREQUENCY OF ER AND PR POSITIVITY ACCORDING TO AGE
Of the 235 laboratories participating in the UK NEQAS-ICC programme for hormone receptors, 71 (30%) returned data on ER status for a total of 7016 cases investigated in their departments for time intervals ranging from two to 26 months between June 1996 and September 1998. Of these cases, data on PR status were provided for 4056 of the cases. Tables 2-5 present the frequency of ER and PR positivity with respect to the age of patients. The highest (table 4) . The highest proportion of tumours negative for both receptors occurred in patients < 46 years, whereas the highest proportion of ER negative/PR positive tumours occurred in age groups < 51 years. There was a significant positive correlation between the frequency of ER positivity and the frequency of PR positivity for the same cases from 26 laboratories providing data on a minimum of 100 cases and both receptors (Pearson's r = 0.526; p = 0.006; two tailed).
DETERMINATION OF VARIATION IN FREQUENCY OF RECEPTOR POSITIVITY BETWEEN LABORATORIES
Forty eight laboratories provided data on ER status on at least 100 cases and 26 of these also provided data on PR status for the same cases. The coeYcient of variation (CV) at each age group ranged from 13.3% to 23.6% for ER and 25.8% to 35.9% for PR. The CV for all ages combined was 10.3% for ER and 23.1% for PR (tables 6 and 7).
INFLUENCE OF IHC ASSAY SENSITIVITY ON THE FREQUENCY OF RECEPTOR POSITIVITY
There was a significant positive correlation between the frequency of receptor positivity and the sensitivity of the IHC assays used by the same laboratories for both ER (Spearman's correlation coeYcient (r s ) = 0.346; p = 0.019; two tailed) and PR (r s = 0.561; p = 0.003; two tailed) (figs 1 and 2). The proportion of ER positive/PR positive, ER negative/PR negative, ER positive/PR negative, and ER negative/PR positive tumours in laboratories defined as having high IHC assay sensitivity for both receptors was; 59.1%, 19.1%, 18.8%, and 2.9%, respectively (table 5) . Of these, 15 of 16 used a 10% threshold value for determining receptor status.
The proportion of laboratories with high assay sensitivity for ER (median score > 13/ 20) in the group of participants responding to the survey was 43 of 68 (63%). This was significantly higher than in the group not responding to the survey, of whom only 75 of 158 (48%) achieved this degree of assay sensitivity ( 2 = 16.351; p < 0.001). The proportion of laboratories with high assay sensitivity for PR (median score > 13/20) in the group of participants responding to the survey was 29 of 40 (73%). Similarly, this was significantly higher than in the group not responding Two laboratories participating in this survey that provided data on ER did not participate in the UK NEQAS-ICC for hormonal receptors during the period in which data were collected. The data from these two laboratories were therefore not included in any of the analyses involving immunohistochemical assay sensitivity. One laboratory participating in this survey that provided data on PR did not participate in the UK NEQAS-ICC for hormonal receptors during the period in which receptor data were collected. The data from this laboratory were therefore not included in any of the analyses involving immunohistochemical assay sensitivity.
to the survey, of whom 84 of 137 (61%) achieved this level of assay sensitivity ( 2 = 9.492; p < 0.02). Figures 3 and 4 show the mean frequency of receptor positivity at each age group in laboratories with high assay sensitivity (median score > 13/20) and those with low assay sensitivity (median score < 12/20). The Mann-Whitney U test showed a significant diVerence in the distribution of receptor positivity between laboratories with high assay sensitivity and those with low assay sensitivity for ER for the age groups 31-45, 51-55, and > 75 years, and when all ages are combined (table 8) . For PR, the significant diVerences were found in the 31-45 and 51-55 year age ranges and when all ages are combined (table  9 ). In five of six of the age groups, the CV was smaller for laboratories with high assay sensitivity than for laboratories with low assay sensitivity for both ER and PR. Overall, the CV for laboratories with high assay sensitivity was 7.6% for ER and 20.1% for PR, whereas for laboratories with low assay sensitivity the CVs for ER and PR were 13.5% and 28.4%, respectively (tables 6 and 7). The mean age of patients from laboratories with high and low sensitivity assays for ER was 59.7 and 61.6 years, respectively. The mean age of patients from laboratories with high and low sensitivity assays for PR was 59.3 and 62.2 years, respectively.
INVESTIGATION OF VARIATION IN FREQUENCY OF RECEPTOR POSITIVITY BETWEEN LABORATORIES WITH HIGH AND LOW ASSAY SENSITIVITY
INFLUENCE OF THRESHOLD VALUE ON FREQUENCY OF RECEPTOR POSITIVITY
Of the laboratories providing data on at least 100 cases, 43 of 48 gave details of the method of evaluation used to determine receptor positivity. The method of evaluation used by 34 of 48 (70.8%) laboratories for ER and 25 of 26 (96.2%) laboratories for PR was the 10% threshold. 12 16-18 20-23 With this method, > 10% of invasive tumour nuclei staining is deemed to be a positive result, irrespective of staining intensity. Other threshold values and scoring systems used to determine ER status included a 20% threshold (n = 3), a 5% threshold (n = 2), the category score (n = 2), "H" score (n = 2), and value not disclosed (n = 5).
The 95% confidence interval (CI) for the frequency of ER positivity for laboratories using the 10% threshold was 73% to 78%, with a mean value of 75%, whereas that for frequency of PR positivity was 54% to 65%, with a mean value of 59%. The mean values for laboratories using this threshold with high and low assay sensitivity for ER were 77% (95% CI, 74% to 80%) and 72% (95% CI, 68% to 76%), respectively (t = 2.000; p = 0.025), whereas those for PR were 63% (95% CI, 57% to 69%) and 51% (95% CI, 38% to 65%), respectively (t = 2.127; p = 0.022). The t test values (t), confirmed that the frequencies of receptor positivity recorded in laboratories with high assay sensitivity were significantly higher than those recorded in laboratories with low assay sensitivity. These diVerences were independent of the threshold value used by these laboratories.
Figure 2 Scatter diagram to show the relation between the frequency of progesterone receptor (PR) positivity in 46 laboratories and the immunohistochemical (ICH) assay sensitivity (median score achieved for assessment runs 36, 39, and 41). A least squares linear regression line is shown with 95% confidence interval, giving the best fit for all the data points. Spearman's correlation coeYcient = 0.561, p = 0.003 (two tailed).
INFLUENCE OF MAMMOGRAPHIC SCREENING PROGRAMMES ON THE FREQUENCY OF ER
POSITIVITY
The mean frequencies of ER positivity for laboratories serving hospitals or clinics where mammographic screening did and did not take place were 73.4% (95% CI, 70% to 77%) and 75.7% (95% C1, 72% to 79%), respectively. The Mann-Whitney U test confirmed that there was no significant diVerence between these two distributions (U = 224.500; p = 0.302).
Discussion
The use of questionnaires or surveys to provide solutions to QA issues is not a new idea and is an established part of the College of American Pathologists Q-probes programme. 24 Our study combined this approach to QA with that of Romain and colleagues 13 to investigate the frequency of receptor positivity as determined by the IHC assay in laboratories participating in a national external quality assessment (EQA) scheme.
The cumulative data on the 7016 cases subjected to IHC analysis gave an overall frequency for ER positivity of 73.42% (table 2) . This correlates well with the results obtained by de Mascarel et al using dextran charcoal and IHC assays on 938 metastatic free invasive ductal carcinomas of which 73% and 75%, respectively, were ER positive. 16 Data were provided in our study for both ER and PR on 4056 cases. The cumulative data for PR gave an overall frequency of positivity of 58.10% (table 3), slightly higher than the 56% obtained by MacGrogan et al using the dextran charcoal assay on the same cases as were used in the de Mascarel study. 16 17 However, it is very similar to the value of 58.4% PR positivity obtained by MacGrogan et al, when using the IHC assay. 17 Cross tabulation of ER and PR status on the 4056 cases in our study revealed 54.8% positive for both receptors, 22.1% negative for both receptors, 19.8% ER positive/PR negative, and 3.2% ER negative/PR positive (table  4) . These results are similar to those obtained by Reiner et al using the Abbott ER and PR monoclonal kits (Abbott Laboratories, North Chicago, Illinois, USA) on frozen sections from 426 cases of primary breast cancer, of which 55% were positive for both receptors, 26% negative for both receptors, 16% ER positive/PR negative, and 3% ER negative/PR positive. 24a The only noticeable diVerence was the slightly higher proportion of ER positive tumours in our study, whereas the proportion of PR positive tumours was almost identical. Similarly, comparisons with the results obtained by MacGrogan et al and de Mascarel et al using the dextran charcoal method revealed a good correlation. In these studies, 52% of cases were positive for both ER and PR, 23% negative for both ER and PR, 21% ER positive/PR negative, and 4% ER negative/PR positive. 16 17 These figures, the ones obtained by Reiner et al, 26a and those from our study are slightly diVerent to those of McGuire et al, 25 who used the RLA on tumours from patients with advanced metastatic breast cancer receiving endocrine treatment. MacGuire's group found that 58% of tumours were positive for both ER and PR, 15% negative for both ER and PR, 23% ER positive/PR negative, and 4% ER negative/PR. The diVerences probably result from the fact that our With data on over 4000 cases, it was also possible to stratify ER/PR positivity into diVerent age groups (table 4) . We were unable to find similar breakdowns in the form of either biochemical or IHC results. However, our results of the single ER and PR analyses at each age group fall within the range of the biochemical results reported by the expert laboratories in the study of Romain et al. 13 We are therefore confident that the combined ER/PR results give a reasonably accurate reflection of the combined receptor status occurring at each age group.
The coeYcients of variation between laboratories providing receptor data on at least 100 cases in our study were greater at each age group (13.3-23 .6% for ER, 25.8-35.9 for PR) than those obtained by Romain et al. Their results ranged from 7-19% for ER and 19-28% for PR. 13 However, in our study, the number of cases occurring at each age group for each laboratory is small and a more accurate indication of the variation can be obtained by comparing the total receptor positivity achieved by each laboratory. These give lower CVs of 10.3% and 23.1% for ER and PR, respectively (tables 6 and 7), and both fall within the range of CV values recorded by Romain et al. Several institutions participating in the UK NEQAS-ICC programme for hormonal receptors have produced results that have been clinically validated. These laboratories have confirmed a positive relation between positive receptor status determined by IHC and a favourable response to endocrine treatment, with the IHC assay being as eYcient or more eYcient than biochemistry. We have established previously that these laboratories consistently achieved the expected result when participating in the UK NEQAS-ICC programme for hormonal receptors. That is, at each assessment over a four year period, these laboratories consistently stained the expected proportion of ER and PR positive nuclei in low, medium, and high receptor positive tumours and were awarded numerical scores of > 13/20. 26 We have used these assessment scores as a gauge of IHC assay sensitivity for the laboratories participating in our present study and have correlated the numerical scores, ranging from 4 to 20, with the frequency of ER and PR positivity recorded by the same laboratories ( figs 1 and 2) . The significant positive correlation between assay sensitivity and frequency of receptor positivity indicates that, generally speaking, laboratories who perform well at assessment and have high assay sensitivity record a higher proportion of cases as receptor positive than those who have low assay sensitivity (figs 1 and 2). To substantiate this link, we compared the frequencies of laboratories that achieve high assay sensitivity (scores > 13/20), with those obtained by laboratories that achieve only low sensitivity (scores < 12/ 20).
The mean frequency of receptor positivity was always found to be higher in laboratories with high assay sensitivity than in laboratories with low assay sensitivity, irrespective of patient age ( figs 3 and 4) . In particular, the MannWhitney U test showed a significant diVerence in the distributions of ER positivity for the two groups of laboratories for age ranges 31-45, > 75 years, and when all ages are combined (table 8). To ensure that the age distributions were not overtly diVerent in the two groups of laboratories, the mean age of patients of laboratories in each group was determined. Both were similar, with a mean age of 59.8 years for the group with high ER assay sensitivity and 61.6 years for the group with low assay sensitivity, whereas those for PR were 59.3 years and 62.2 years, respectively.
The choice of threshold value used by diVerent laboratories to record whether a breast tumour is receptor positive or receptor negative could influence the frequency of positivity. Over 70% of the laboratories participating in our study used the simple but clinically validated 10% receptor positive threshold to establish ER status. 16-18 20-23 Using this threshold value the mean frequency of ER positivity reported was 75% (95% CI, 73% to 78%). This is very close to the value of 73.4% for the frequency of ER positivity obtained in our present study for the total 7016 cases. It is also identical to the value recorded by Mascarel et al using the IHC assay and a 10% threshold. 16 If the laboratories that use the 10% threshold are divided into those with high and low assay sensitivity, the same significant diVerence in frequency of ER positivity between the two groups of laboratories is seen, indicating that this diVerence is independent of the threshold value used. Arguably, therefore, a more accurate estimate of the expected frequency of ER positivity for laboratories using a 10% threshold lies within the frequency range recorded by laboratories with high assay sensitivity; that is, 74% to 80% (95% CI) or a mean frequency of 77%. This result is at least 7% higher than the 60-70% of positive cases reported for the biochemical ligand binding assays over the past 20 years. 3 Over 96% of the laboratories that provided data on PR on a minimum of 100 cases used a 10% threshold, with a mean frequency of positivity for these laboratories of 59%. This is almost the same as the value of 58.4% obtained by MacGrogan et al using an IHC assay and a 10% threshold. 17 In a similar manner to ER, an accurate estimate of the expected frequency of PR positivity for laboratories using a 10% threshold lies within the frequency range recorded by laboratories with high assay sensitivity; that is, 57% to 69% (95% CI) or a mean frequency of 63%. Again, these results are some 7% higher than those obtained by biochemistry. 17 It has been suggested that the introduction of mammographic screening might influence receptor distributions. 13 In our study, the mean frequency of ER positive tumours was slightly lower for laboratories that served hospitals where screening took place. However, there was no significant diVerence in the frequency of ER positivity recorded in these laboratories and that of institutions where screening did not take place. An important consideration was whether the frequencies of receptor positivity recorded in the 30% of UK NEQAS-ICC participants responding to this survey was representative of the 70% of laboratories that did not respond. Our study showed a significant positive correlation between assay sensitivity as defined by performance in UK NEQAS-ICC assessments and the frequency of receptor positive breast carcinomas reported in the same laboratories. Therefore, if the UK NEQAS-ICC scores for ER and PR recorded in the 70% of laboratories not responding to the survey were similar to those of the 30% that did respond, it could be assumed that the frequencies of receptor positive tumours in these laboratories would also show a similar distribution. It was found that whereas 63% and 73% of laboratories that responded to this survey had assays of high sensitivity for ER and PR, respectively, the proportions of laboratories with assays of this sensitivity in the group that did not respond were significantly lower-48% and 61%, respectively. Consequently, it cannot be assumed that the overall frequencies of receptor positivity reported here are representative of the total cohort of UK NEQAS-ICC participants. Instead, it is likely that a substantial proportion of these participants will find that their receptor values fall within the range of values equating to low assay sensitivity.
The sensitivity of any IHC assay is determined by several parameters; these include the quality and concentration of the primary antibody, the power of the antigen retrieval and secondary detection systems, and the quality of tissue fixation. [27] [28] [29] Evidence to date suggests that ineYciencies in the antigen retrieval step are the most probable cause of low IHC assay sensitivity for ER. 30 Therefore, laboratories with low sensitivity need to optimise this step.
We recommend that the frequencies of receptor positivity recorded for the large number of cases in our study should be used as a useful QA tool, against which laboratories can compare their current IHC assay receptor results. In particular, we recommend the range of values recorded by laboratories with high IHC assay sensitivity, because this degree of sensitivity is equivalent to that achieved by laboratories known to have clinically validated their results. Laboratories whose frequencies of receptor positive cases fall outside this range, which are shown to have low IHC assay sensitivity by their participation in a QA programme, should consider adjusting their technique accordingly.
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